Glacial meltwater has been suggested as a significant source of potentially 1 bioavailable iron to the oceans. However, the supply of dissolved iron (dFe) in glacial 2 meltwaters is poorly constrained as few sites have been studied, and because the 3 chemical processing of Fe during transport from glaciers to the adjacent coastal ocean 4 is not well understood. In order to better constrain glacial fluxes of dFe to the ocean, 5 iron concentrations, iron stable isotopes (δ 56 Fe), and other supporting chemical and 6 physical measurements were made along a ~4 km long glacial meltwater river on 7
Introduction 37
Despite the high abundance of Fe in the earth's crust (~5%), concentrations of Fe 38 in the modern oxidized oceans are very low (typically <1 nM in the open ocean) due 39 to the low solubility of Fe in seawater (Bruland and Lohan, 2003) . Low Fe 40 concentrations, combined with physiological requirement for Fe by phytoplankton for 41 processes such as photosynthesis and nitrogen fixation, means that Fe is the limiting 42 nutrient for phytoplankton growth in much of the surface ocean (Moore et al., 2002) . 43
The residence time of Fe in seawater is much shorter than the timescale of ocean 44 circulation (e.g. Moore respectively (Hagen et al., 2003) . The Bayelva River, which this study focuses on, is 142 approximately 4 km long, with a catchment area of 32 km 2 , of which 50% is glaciated 143 by the cold-based valley glaciers Austre and Vestre Brøggerbreen, both of which have 144 thicknesses less than 100 m (Krawczyk et al., 2003) . Although meltwater from 145 cold-based glaciers is not typically thought to have subglacial drainage flowpaths, the 146 water chemistry in Bayelva River at the end of ablation season, when our sampling 147 occurred, was found to be similar to that of subglacial meltwaters (Nowak and 148 Hodson, 2014) . The Bayelva River catchment is bounded by steep mountain ridges to 149 the south and the Kongsfjorden fjord to the north. The annual discharge of the river is 150 estimated to be ~30·10 6 m 3 (Hagen et al., 2003) , with suspended sediment transport of 151 between 5.1·10 9 to 22.8·10 9 g per year (Bogen and Bonsnes, 2003) . All plasticware, including high density polyethylene (HDPE) bottles (Nalgene) 165 and Teflon PFA filtration assemblies (Savillex) were cleaned in a class 1000 clean labat East China Normal University by rinsing with ultrapure water (Milli-Q), soaking in 167 2% Citranox detergent for 24 hours, rinsing five to seven times with ultrapure water, 168 leaching for 7 days in 10% HCl at room temperature or for 2 days in 10% HCl at 60 169 °C, and rinsing again five times with ultrapure water. In addition to the cleaning steps 170 described above, PFA was boiled in 10% aqua regia for 30 min before Citranox and 171 10% HCl cleaning steps. HDPE bottles were filled with 0.1% (0.012 M) HCl using 172 acid purified by quadruple distillation in a quartz still (QD HCl), and sealed in double 173 bags until use. Filters (0.4 μm PC membranes, Whatman) were cleaned in 10% QD 174
HCl at 60°C for 24 hours, rinsed ten times with ultrapure water, cleaned at 60 °C for 175 another week in ultrapure water, then rinsed five times with ultrapure water. 176
Water samples were collected using a custom made "pole sampler" consisting of 177 a PVC holder attached to the end of a fishing rod. This 2 m long rod made it possible 178 to avoid contamination from the side of the ship when sampling in Kongsfjorden, and 179 allowed samples to be taken from the middle of the main stream of the Bayelva River. 180
To collect samples, a 1 L HDPE bottle was attached to the pole sampler, rinsed 181 several times with the natural waters, and submerged until full. After sampling, 182 bottles were sealed and stored in double plastic bags in a dark cool box until filtration 183 in an onshore lab in Ny-Ålesund. Two incubations were performed in the dark and another two incubations were 203 exposed to natural sunlight, which was visible 24 hours a day. Samples were exposed 204 to ambient temperature fluctuations (0-6 °C). From each sample bag, 100 ml 205 subsamples were taken on days 0, 2, 6, 8, and 13, filtered, and stored for analysis of 206 Bayelva River estuary where fresh glacial waters mix with saline coastal seawater 309 (Fig. 4) . Assuming that the average dFe concentration measured at the NVE station, 310 ~300 m upstream from Kongsfjorden, represents the freshwater end-member (116 311 nM), there is a significant loss of Fe immediately upon mixing of fresh and saline 312 waters, with dFe of 27.4 nM at a salinity of 1.5, dFe of 11.3 nM at a salinity of 6.9, 313
and an average dFe of 4.7±1.6 nM (n=7) at salinities ~>10. 314 Incubations of Bayelva River waters were performed for two weeks in both 320 natural light conditions and in the dark, during which time dFe and DOC 321 concentrations were monitored (Fig. 5) . dFe in filtered waters from the NVE station at 322 the beginning of the experiment (incubation day 0) was 15 nM. This decreased 323 sharply to ~7 nM by day 2 in both dark and light incubations. Subsequently, dFe 324 concentrations in the dark incubations remained relatively constant, decreasing only 325 ~1 nM over the next 12 days of the incubation experiment, with differences betweenthe two replicate dark incubations within analytical error. In contrast, dFe in the light 327 incubations decreased further, to about 5 nM by the end of the experiment. DOC also 328 decreased dramatically within the first 2 days of the experiment from 75 μM at day 0 329 to ~15 μM at day 2. Between days 2 and 12 there did not appear to be much further 330 loss of DOC, though it is possible that samples were contaminated during filtration, 331 especially considering the low DOC present. Nonetheless, the ~75% loss of DOC at 332 the beginning of the experiment was observed in all four samples and therefore 333 appears robust. 334 (Fig. 2) . Estimates of river velocity suggest that water travels the entire ~4 km from 371 the glacier to Kongsfjorden in 1 to 3 hours (Hodson et al., 2005) , suggesting that the 372 half-life for dFe in the river is about an hour or less. While most of the dFe was 373 precipitated from river waters during this short transect, significant quantities 374 remained even in the samples taken downstream at the NVE station (15-213 nM). 375
Considering that our first sampling site located at the highest accessible location was 376 still ~0.5 km from the glacier output, our measurements of dFe and our estimates of 377 Austre Brøggerbreen is a cold-based glacier there will be a minimum of delayed 426 subglacial meltwater, though even in cold-based glaciers there can be temperate ice 427 and thin films of water at the ice-rock interface (Raiswell and Canfield, 2012 Fe glacier of -0.02 ‰ (Fig. 6) . Dissolved δ 56 Fe is also similar to the crustal average of 462 around 0.07‰ (Poitrasson, 2006) , suggesting that Fe isotopes were not greatly 463 fractionated during dissolution under the glacier before entering the Bayelva River. 464 at much higher concentrations close to the glacier, and concentrations of both 497 decrease downstream (Fig. 2, Fig. 7) . However, given a DOC photodegradation rate 498 considering that our first sample was taken ~500 m from the outflow of the glacier 582 there might be much higher dFe in anoxic englacial meltwaters, which in Antarctica 583 and Greenland can be delivered directly into the ocean providing both soluble and 584 reactive nanoparticulate Fe (Raiswell and Canfield, 2012 
Conclusions 605
Our data represent the first study of the transport of dissolved Fe in meltwaters all 606 the way from a glacier through a marine estuary (Fig. 8) . In this study, a significant 607 loss of dFe in a glacial meltwater runoff was observed during transport through the 608 proglacial environment. In the Bayelva River, roughly ~80% of Fe was lost between a Science Foundation (NSF OCE-1334029). We would like to thank the Chinese 645
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